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BEARING MEMBER MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a bearing member 
manufacturing method of manufacturing a bearing member for 
rotatably supporting a rotational shaft. The bearing member 
is intended to be included in a bearing mechanism for supporting 
a rotational shaft, such as the crankshaft of an internal 
combustion engine. 

Description of the Related Art 

Most bearing members for rotatably supporting the 
crankshafts of internal combustion engines are formed of a 
material different from that forming the crankshafts and are 
formed of a light alloy in view of achieving weight reduction. 
A gap is formed between the crankshaft and the bearing member 
due to the difference in thermal expansion between the bearing 
member and the crankshaft when the crankshaft operates in a 
hot atmosphere heated by combustion heat generated by the 
internal combustion engine, causing generation of vibration 
and noise. 

Various bearing members formed of light alloys and 
capable of reducing the gap due to the difference in thermal 
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expansion have been provided. A bearing cap (or a crankshaft 
lower case) disclosed in JP 2002-61538 A has a surface layer, 
i.e., a surface part formed of an aluminum alloy that comes 
into sliding contact with the journal of a crankshaft, and a 
framing part of an aluminum composite material framing the 
surface part of the aluminum alloy. The aluminum composite 
material has a coefficient of thermal expansion greater than 
that of an iron alloy forming the crankshaft and smaller than 
that of the aluminum alloy forming the surface part . Therefore , 
the gap between the crankshaft and the bearing cap (or the 
crankshaft lower case) due to the difference in thermal 
expansion between the crankshaft and the bearing cap (or the 
crankshaft lower case) is small and hence noise and vibration 
are reduced. To form this bearing cap (or this crankshaft 
lower case) , a preform is prepared by compressing a mixture 
prepared by mixing particles or fibers, and an additive, such 
as silicon dioxide, the preform is placed in a mold, and then 
a molten aluminum alloy is poured for die casting into the mold. 
Thus, the preform is impregnated with the aluminum alloy to 
form a framing part of the aluminum composite material. Then, 
a surface part of an aluminum alloy is formed on the framing 
part to complete the bearing cap (or the crankshaft lower case) . 

The technique relating to the bearing cap (or the 
crankshaft lower case) disclosed in JP 2002-61538 A needs a 
casting machine provided with a mold forming one bearing cap 
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(or the crankshaft lower case) having a semicylindrical recess 
by integrally combining the surface part and the framing part. 
Therefore, the bearing cap (or the crankshaft lower case) is 
costly. Since the impregnation of the preform having a volume 
greater than the surface part with the aluminum alloy and the 
formation of the surface layer of the aluminum alloy need to 
be achieved simultaneously, it is difficult to ensure smooth 
flow of the molten aluminum alloy to impregnate the preform 
entirely with the molten aluminum alloy and to form the surface 
part of the aluminum alloy. Consequently, bearing caps (or 
crankshaft lower cases) are liable to differ from each other 
in quality. 

The present invention has been made in view of the 
foregoing problems and it is therefore an object of the present 
invention to provide a baring member manufacturing method of 
manufacturing a bearing member formed of light alloys and 
having stable ability to support a rotational shaft, capable 
of manufacturing the bearing member at low cost. 

SUMMARY OF THE INVENTION 
According to the present invention, there is provided 
a bearing member manufacturing method of manufacturing a 
bearing member having a body part formed of a first material 
of a light alloy, and a bearing part formed of a second material 
of a light-alloy-base material different from that forming the 
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body part, having a bearing surface of a semicircular cross 
section and integrally combined with the body part, wherein 
the manufacturing method includes: a casting step of forming 
a primary workpiece having at least one semifinished workpiece 
including one first workpiece having a cylindrical inside 
surface serving as the bearing surface, and one second 
workpiece by integrally combining the first workpiece and the 
second workpiece in a mold by casting; and a dividing step of 
dividing the primary workpiece removed from the mold into 
halves along a center plane including a center axis of the 
inside surface to obtain two secondary workpieces for forming 
two bearing members . 

Since the two secondary workpieces for forming the two 
bearing members are formed by dividing the cast semifinished 
workpiece into halves, it is not necessary to use one mold for 
forming one bearing member. The two secondary workpieces can 
be formed by dividing the single semifinished workpiece formed 
by combining the single semifinished body part made of the first 
material, i.e., the light alloy, and the single semifinished 
bearing part having a circular hole and made of the second 
material, i.e. , the light alloy in half, the quality range in 
which the qualities of the secondary workpieces are distributed 
can be narrowed. 

Thus, the present invention has the following effects. 
The bearing member manufacturing method needs a reduced number 
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of molds for forming bearing members, is capable of 
manufacturing bearing members at an improved yield , and reduces 
the cost of the lightweight bearing members formed of two types 
of light alloys. Since quality range in which the qualities 
of the secondary workpieces are distributed is narrowed and 
hence qualities of the bearing members are distributed in the 
narrow quality range, the bearing members exercise a stable 
supporting function . 

The bearing member manufacturing method according to the 
present invention may include a first workpiece forming step 
of forming the cylindrical first workpiece of the second 
material, wherein the casting step includes steps of placing 
at least one of the first workpiece formed by the first 
workpiece forming process in the mold, pouring the molten first 
material into the mold and metallurgically bonding together 
the first workpiece and the second workpiece along the 
interface between the first workpiece and the second workpiece . 

Since the first workpiece is formed before being combined 
with the second workpiece by casting, and the first workpiece 
and the second workpiece are metallurgically bonded together 
along the interface, the first and the second workpiece can 
be firmly bonded together, and the variation of the quality 
of the semifinished workpiece attributable to enclosing the 
first workpiece in the second workpiece by casting can be 
suppressed . 
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Consequently, the following effect is provided. Since 
the variation of the quality of the semifinished workpiece is 
suppressed, the function of the bearing member to support a 
rotational shaft can be stabilized. 

The bearing member manufacturing method according to the 
present invention is able to form a cavity for forming the 
second workpiece around the first workpiece in the mold and 
to introduce the molten first material into the cavity through 
parts of the mold corresponding to four corners of the 
semifinished workpiece having a substantially square cross 
section as viewed along the center axis. 

Since the molten first alloy flows through the parts of 
the mold corresponding to the four corners of the semifinished 
workpiece having a substantially square shape into the cavity, 
the molten first material flows uniformly around the first 
workpiece in the cavity, and thereby the quality of the 
semifinished workpiece and hence that of the secondary 
workpiece can be improved, which is effective in stabilizing 
the function of the bearing member to support a rotational 
shaft. 

Desirably, the molten first metal is poured into the 
cavity so as to flow in a swirling current in the cavity. The 
swirling molten first metal can uniformly spread in the cavity. 

The first material may be an aluminum alloy, and the 
second material may be an aluminum alloy having a high silicon 
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content . 

The bearing member manufacturing method according to the 
present invention may further include a casting step of forming 
a primary workpiece including a predetermined number of 
semifinished workpieces axially arranged such that at least 
second workpieces included in the semifinished workpieces are 
continuously arranged in a direction parallel to the center 
plane, and a dividing step of dividing the primary workpiece 
along a plane perpendicular to the direction perpendicular to 
the center plane of the primary workpiece into the 
predetermined number of semifinished workpieces. 

Since the predetermined number of semifinished work- 
pieces can be simultaneously formed in the mold, the number 
of necessary molds can be further decreased. Since a number 
of secondary workpieces twice the number of the semifinished 
workpieces can be formed from the single primary workpiece, 
the quality range in which the qualities of the secondary 
workpieces are distributed can be further narrowed. Conse- 
quently, effects on reducing the cost of the bearing member 
and on the stabilization of the function to support a rotational 
shaft can be further promoted. 

The bearing member manufacturing method according to the 
present invention may further include a casting step of forming 
the primary workpiece including a predetermined number of 
semifinished workpieces arranged in a direction perpendicular 
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to the center axis included in the center plane such that the 
second workpieces are continuously arranged in a direction 
perpendicular to the center axis in the center plane, and a 
dividing step of dividing the primary workpiece along a plane 
perpendicular to the direction perpendicular to the center axis 
in the center plane into the predetermined number of 
semifinished workpieces. 

Thus , the same effect as that mentioned above is provided. 
Since a number of secondary workpieces twice the predetermined 
number can be simultaneously formed from the single primary 
workpiece, the quality range in which the qualities of the 
secondary workpieces are distributed can be further narrowed. 
Consequently, effects on reducing the cost of the bearing 
member and on the stabilization of the function to support a 
rotational shaft can be further promoted. 

In this specification, ^^section" signifies a section 
taken on a plane perpendicular to the center axis of the bearing 
part unless otherwise specified, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view of an essential part 
of an internal combustion engine provided with a bearing 
mechanism including a bearing cap provided with a bearing 
member fabricated by a bearing member manufacturing method in 
a first embodiment of the present invention; 
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Fig. 2 is a perspective view of the bearing cap of the 
bearing mechanism shown in Fig. 1; 

Fig. 3A is a schematic sectional view of part of an 
extruder for forming a bearing part included in the bearing 
cap shown in Fig. 2; 

Fig. 3B is a perspective view of assistance in explaining 
a method of forming a support member by processing a workpiece 
formed by the extruder; 

Fig. 4 is a side elevation of a sand mold for casting 
a primary workpiece for forming the bearing cap shown in Fig. 
3, part of which being a sectional view taken on the line IV-IV 
in Fig. 5A; 

Fig. 5A is a view taken in the direction of the arrows 

on the line VA-VA in Fig. 4; 

Fig. 5B is a view taken in the direction of the arrows 

on the line VB-VB in Fig. 4; 

Fig. 6A is a perspective view of a primary workpiece 

molded by using the sand mold shown in Fig. 4; 

Fig. 6B is a perspective view of secondary workpieces 

formed by splitting the primary workpiece shown in Fig. 6A; 

Fig. 7 is a perspective view^ corresponding to Fig. 3B^ 

of assistance in explaining a bearing member manufacturing 

method in a second embodiment of the present inventions- 
Fig. 8 is a side elevation, corresponding to Fig. 1, of 

assistance in explaining the bearing member manufacturing 
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method in the second embodiments- 
Fig. 9A is a perspective view of a primary workpiece cast 

in the sand mold shown in Fig. 8; 

Fig. 9B is a perspective view of secondary workpieces 

formed by splitting the primary workpiece shown in Fig. 9A; 
Fig. lOA is a perspective view of primary workpiece 

molded by using a sand mold of assistance in explaining a 

bearing member manufacturing method in a third embodiment of 

the present invention; and 

Fig. lOB is a perspective view of secondary workpieces 

formed by splitting the primary workpiece shown in Fig. lOA 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will be 
described with reference to the accompanying drawings . 

Figs. 1 to 6 are views explaining a bearing member 
manufacturing method in a first embodiment of the present 
invention. Referring to Fig. 1, a bearing cap 20, i.e., a 
bearing member, is included in a crankshaft bearing mechanism 
for rotatably supporting a crankshaft 3 included in an internal 
combustion engine E. The internal combustion engine E is a 
V-type 6-cylinder four-stroke cycle internal combustion en- 
gine having a cylinder block 1 with two cylinder rows 1^ and 
I2 of three cylinders 2 forming a pair of cylinder banks. 
Pistons, not shown, are slidably fitted in the cylinder bores 
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2a of the cylinders 2 of the cylinder rows 1^ and I2 . The pistons 
are driven for reciprocation in the cylinder bores 2a by 
combustion pressure produced in combustion chambers defined 
by the pistons and a pair of cylinder heads ^ not shown, joined 
to the upper ends of the two cylinder rows 1^ and I2 . The 
reciprocating pistons drive the crankshaft 3 for rotation 
through connecting rods . 

In the following description, the term, ^vertical 
direction' signifies a direction in which a plane PI of symmetry 
with respect to which the bearing surface 23 of the bearing 
cap 20 is symmetrical in a view taken in the direction of the 
center axis LI of the crankshaft 3 (hereinafter, referred to 
as '''axial direction'') . Fig. 1 is a view of the internal 
combustion engine E taken in the axial direction. The bearing 
surface 23 opens upward. 

The crankshaft 3 operates in a high-temperature 
atmosphere heated by combustion heat generated by the internal 
combustion engine E. The crankshaft 3 is disposed in a 
crankcase formed by the skirt la of the deep-skirt type cylinder 
block 1, and an oil pan fitted on the skirt la. The crankshaft 
bearing mechanism includes four bearing assemblies B arranged 
in the crankcase. The journals of the crankshaft 3 are 
supported in the four bearing assemblies B to support the 
crankshaft 3 for rotation on the cylinder block 1, i.e. , a main 
component of the internal combustion engine E. Only one of 
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the bearing assemblies B is shown in Fig. 1. 

The bearing assemblies B have the same basic construction. 
Each of the bearing assemblies B has a bearing wall 10, i.e. , 
a first bearing member, formed integrally with the cylinder 
block 1 , and the bearing cap 20 , i.e., a second bearing member , 
fastened to the bearing wall 10 with two vertical bolts 4a and 
4b. A bearing 13 is fitted in a bearing hole 11 having a 
circular cross section formed in the bearing mechanism B formed 
by joining the bearing cap 20 to the bearing wall 10, and the 
journal of the crankshaft 3 is supported in the bearing 13. 

The bearing 13 is divided into an upper half bearing 13a 
and a lower half bearing 13b. The bearing wall 10 forms a 
semicircular hollow 11a having a bearing surface 12 and opening 
toward the baring cap 20. The upper half bearing 13a of the 
bearing 13 is held on the bearing surface 12. The bearing cap 
20 forms a semicircular hollow lib having a bearing surface 
23 opening toward the bearing wall 10. The lower half bearing 
13b of the bearing 13 is held on the bearing surface 23. 

The bearing cap 20 is fastened to the bearing wall 10 
with the two bolts 4a and 4b, and to the skirt la with two 
horizontal auxiliary bolts 5a and 5b. The bearing hollows 11a 
and 12b forms the circular bearing hole 11. A pair of joining 
surfaces 24a and 24b of the bearing cap 20 on the opposite sides , 
respectively, of the bearing hole 11 are joined to a pair of 
joining surfaces 14a and 14b of the bearing wall 10 on the 



13 



opposite sides, respectively, of the bearing hole 11, 
respectively . 

A circular oil passage 8 is formed in the bearing surface 
12 to supply lubricating oil into clearances between the 
bearing mechanism B, and between the bearing metal 13 and the 
journal of the crankshaft 3. The lubricating oil discharged 
from an oil pump driven by the crankshaft 3 flows through an 
oil filter, an oil gallery 6 formed in the cylinder block 1 
and an oil passage 7 into the oil passage 8, 

The crankshaft 3 is formed of an iron-base material 
having a coefficient of linear expansion of about 12X10"^/K. 
The cylinder block having the bearing wall 10 is formed of a 
light-metal-base material, such as an aluminum alloy, having 
a coefficient of linear expansion of about 22X10"^/K. 

Referring to Figs. 1 and 2, the bearing cap 20 has a cap 
body 21 of a first material, which is a light-metal-base 
material, and a semicylindrical bearing part 22 formed of a 
second material , whch is a light-metal-base material different 
from the first material, and integrally combined with the cap 
body 21. The bearing part 22 has an inner surface 22a serving 
as the bearing surface 23 for bearing the journal of the 
crankshaft 3 . 

The first material is an aluminum alloy similar to a 
material forming the cylinder block 1 and has a coefficient 
of linear expansion of about 22X10"^/K. The second material 
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is an aluminum alloy having, for example, a high Si content. 
The second material has a coefficient of linear expansion 
closer to that of the material forming the crankshaft 3 than 
that of the first material. 

The cap body 21 and the bearing part 22 are combined by 
casting such that the semicylindrical inner surface 21a of the 
cap body 21 and the semicylindrical outer surface 22b of the 
bearing part 22 are metallurgically bonded together. 

The bearing part 22 has the shape of a semicylinder formed 
by dividing a cylinder having a predetermined length tl and 
a predetermined thickness t2 into halves along a plane 
including the center axis L2 of the cylinder. Joining surfaces 
22c and 22d extends on the opposite sides, respectively, of 
the semicircular hollow lib. 

The cap body 21 has a length tl and covers the 
semicircular hollow lib of the bearing part 22. The cap body 
21 has joining surfaces 21c and 21d flush with the joining 
surfaces 22c and 22d and extending radially outward from the 
joining surfaces 22c and 22d, respectively. The joining 
surfaces 21c and 22c form the joining surface 24a, and the 
joining surfaces 21d and 22d form the joining surface 24b. 

Through holes 25a and 2 5b are formed in the cap body 21 
and the bearing part 22. The through holes 25a and 25b open 
in the joining surfaces 24a and 24b, and the lower surface 26 
of the bearing cap 20. The bolts 4a and 4b are passed through 
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and are screwed in threaded holes 15a and 15b formed in the 
bearing wall 10. Threaded holes 26a and 26b are formed in the 
cap body 21, The auxiliary bolts 5a and 5a are passed through 
through holes 16a and 16b formed in the skirt la and are screwed 
in the threaded holes 26a and 26b, 

The bearing member manufacturing method of manufacturing 
the bearing cap 20 shown in Fig, 2 will be described. 

A short, cylindrical first workpiece 30 shown in Fig. 
3B for forming the bearing part 22 is formed. The first 
workpiece 30 is inserted by casting in a second workpiece 32 
for forming the cap body 21 as shown in Fig. 6A to form a primary 
workpiece 34 having a semifinished workpiece 33. The primary 
workpiece 34 is divided into halves along a diametrical 
division line to obtain two secondary workpieces 35. The 
bearing cap 20 is formed by processing one of the two secondary 
workpieces 35. 

A procedure for forming the first workpiece 30 for 
forming the bearing part 22 will be described with reference 
to Figs. 3A and 3B. The short, cylindrical first workpiece 
30 is formed by cutting a cylindrical workpiece 31 formed by 
hot extrusion. More specifically, as shown in Fig. 3A, an 
extruder 40 has a first die 41 provided with a mandrel 41a, 
and a second die 42 arranged in an extruding direction Al so 
as to define an annular die hole 43. A solid, cylindrical 
billet 44 of the second material is extruded through the annular 
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die hole 43 to obtain the cylindrical workpiece 31. The 
outside and the inside diameter of the annular die hole 43 are 
equal to those of imaginary cylinders defining the outer 
surface 22a of the bearing part 22 and the bearing surface 23, 
respectively. Therefore, the width of the die hole 43 is equal 
to the thickness t2 of the bearing part 22. 

The billet 44 loaded into a container 45 included in the 
extruder 40 is pressed through a dummy block 46 by a ram in 
the extruding direction Al , and is extruded through the die 
hole 43 at a predetermined extrusion rate to form the 
cylindrical workpiece 31, The inside and the outside diameter 
of the cylindrical workpiece 31 are equal to those of imaginary 
cylinders defining the corresponding surfaces of the bearing 
part 22. Then, as shown in Fig. 3B, the cylindrical workpiece 
31 is cut into short, cylindrical first workpiece 30 having 
a length equal to the length tl of the bearing part 22 with 
a cutter. The first workpiece 30 has an inside surface 30a 
of a diameter equal to the diameter of an imaginary cylinder 
including the bearing surface 23 (inner surface 22a) , and an 
outside surface 30b equal to the diameter of an imaginary 
cylinder defining the outer surface 22b. The first workpiece 
30 has a thickness equal to the thickness t2 of the bearing 
part 22. 

A casting procedure for casting the primary workpiece 
34 will be described with reference to Figs. 4 to 6 . Referring 
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to Figs. 4, 5A and 5B, the secondary workpiece 32 (Fig. 6A) 
for forming the cap body 21a is formed by low-pressure die 
casting using a sand mold 50 formed of foundry sand. The sand 
mold 50 having the shape of a rectangular solid has a lower 
mold half, i.e. , a drag 52 and an upper mold half, i.e. , a cope 
53 separated by a parting surface 51. 

The drag 52 is provided with a sprue 54, thorough which 
the molten first material is poured into the sand mold 50, 
having an inlet 54a (Fig. 5B) opening in the lower surface 52a, 
and a cylindrical projection 55 for positioning the first 
workpiece 30 in a central part of the parting surface 52a of 
the lower mold 52. The sprue 54 has four runners 54bl to 54b4 
having outlets 54cl to 54c4 opening in the parting surface 51a. 
The projection 55 has a height smaller than the length tl of 
the first workpiece 30, The first workpiece 30 is disposed 
on the drag 52 with the projection 55 fitted from below in a 
space defined by the inside surface 30a of the first workpiece 
30 . 

The cope 53 has a cavity 56 for receiving the first 
workpiece 30 fitted on the projection 55 and for casting the 
second workpiece 32 (Fig. 6A) for forming the cap body 21 (Fig. 
2) , four gates 61 to 64 having outlets 61b to 64b opening into 
the cavity 56, and inlets 61a to 64a aligned with the outlets 
54cl to 54c4 of the runners 54bl to 54b4, a pair of risers 65 
and 66 respectively having a pair of inlets 65a and 65b, and 
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a pair of inlets 66a and 66b opening into the cavity 56. 

The cavity 56, as viewed along the center axis L2 of the 
first workpiece 30 placed in the sand mold 50, has a 
substantially square shape. Thus, the second workpiece 32 or 
the semifinished workpiece 33 molded in the cavity 56 , as viewed 
along the center axis A3 has the same square shape. The four 
gates 61 to 64 are arranged so as to correspond to the four 
corners CI to C4 , respectively, of the square second workpiece 
32 or the semifinished workpiece 33 to make the main current 
of the molten metal flows in a swirling current F (Fig. 5A) 
that flows in the cavity 56 in a fixed direction around the 
first workpiece 30. 

Referring to Fig. 5A, the four gates 61 to 64 are arranged 
substantially in point symmetry with respect to the center axis 
L2 as viewed along the center axis A3 (Fig. 4) . The four gates 
61 to 64 extend perpendicularly to side walls 56a to 56d 
defining the square cavity 56 and the four corners CI to C4 . 
That is, as viewed along the center axis A3, the four gates 
61 to 64 are arranged substantially in point symmetry with 
respect to the center axis L2 relative to the second workpiece 
or the semifinished workpiece 33. The gates 61 to 64 extend 
perpendicularly to the side surfaces 32a to 32d of the second 
workpiece 32 or the side surfaces 33a to 33d of the semifinished 
workpiece 33 at the corners CI to C4, respectively. 

Referring to Fig. 4, the first workpiece 30 is fitted 
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on the projection 55 to position the first workpiece 30 on the 
drag 52 to insert the first workpiece 30 in the second workpiece 
32 by casting. Then, a sand core 57 that fills up a space 
defined by the first workpiece 30 is put on the projection 55, 
the cope 53 is mounted on the drag 52 so that the first workpiece 
30 is contained in the cavity 56, and then the drag 52 and the 
cope 53 are fastened together to close the sand mold 50. 

Then, the molten metal of a high temperature in the range 
of, for example, about 680°C to 730®C is poured through the sprue 
54 into the sand mold 50 by pressure. Then, the molten metal 
flows through the runners 54bl to 54b4 and the gates 61 to 64 
into the cavity 56. The molten metal flows in the swirling 
current F around the first workpiece 30 in the cavity 56 and 
flows through the inlets 65a, 65b, 66a and 66b into the risers 
65 and 66. 

During this casting process, the first workpiece 30 is 
heated by the molten metal and the outside surface 30b of the 
first workpiece 30 on the boundary between the molten metal 
and the first workpiece 30, i.e., the boundary between the 
outside surface 30b of the first workpiece 30 and the inside 
surface 32e of the second workpiece 32, is partly melted. 
Consequently, the first and the second material melt into each 
other. When the first and the second material thus melted into 
each other are solidified, the outside surface 30b of the first 
workpiece 30 and the inside surface 32e of the second workpiece 



20 



32 at the boundary are bonded together metallurgically . Then, 
the sand mold 50 is broken to take out a casting. Thus, the 
casting process is completed, 

A trimming process removes unnecessary parts of the first 
material solidified in the sprue 54, the gates 61 to 64 and 
the risers 65 and 66 from the casting, to provide the primary 
workpiece 34 having one semifinished workpiece 33 consisting 
of the one first workpiece 30 and the one second workpiece 32 
as shown in Fig. 6A, Thus, the casting procedure including 
the casting process is completed. 

A dividing process for dividing the primary workpiece 
34 into secondary workpieces 35 for forming bearing caps 20 
will be described with reference to Figs. 6A and 6B. The 
primary workpiece 34, i.e., the semifinished workpiece 33 is 
cut into halves along a center plane P2 including the center 
axis L2 to obtain the two secondary workpieces 35 with a cutter. 
In this embodiment, the center plane P2 coincides with the plane 
PI of symmetry (Fig. 1) with respect to which the semifinished 
workpiece 33 is symmetrical. As shown in Fig. 6B, the dividing 
process divides the primary workpiece 34 into two secondary 
workpieces 35 each having a secondary cap workpiece 36 and a 
secondary bearing part workpiece 37. 

The secondary workpiece 35 is subjected to a finishing 
process to obtain a bearing cap 20 shown in Fig. 2. The 
finishing process includes machining processes , such as boring 
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for forming through holes 25a and 25b (Fig. 1) , and grinding. 

The effect of the bearing member manufacturing method 
in the first embodiment will be described. 

The second workpiece 32 formed of the first material^ 
and the first workpiece 30 formed of the second material and 
having the bearing surface 23, i.e., the circular inside 
surface 30a, for supporting the journal of the crankshaft 3 
are combined integrally by casting to form the primary 
workpiece 34 having at least one semifinished workpiece 33 
consisting of the one first workpiece 30 and the one second 
workpiece 32. The semifinished workpiece 33 is divided into 
halves along the center plate P2 to obtain the two secondary 
workpieces 35 for forming the bearing caps 20. The two 
secondary workpiece 35 for forming the bearing caps 20 are 
formed by casting the semifinished workpiece 33 in the single 
mold, and hence a mold does not need to be formed for each 
bearing cap 20. The number of molds necessary for forming the 
bearing caps 20 can be reduced, yield can be improved, and the 
lightweight bearing cap 20 consisting of parts respectively 
formed of two types of light-metal-base materials can be 
manufactured at a low cost. Since the two secondary workpieces 
35 are formed by dividing the one semifinished workpiece 33 
formed by integrally combining the one second workpiece 32 
formed of the first material , i.e., a light-metal-base material , 
and the one first workpiece 30 formed of the second material. 
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i.e., a light-metal-base material, into halves, the range of 
distribution of the qualities of the secondary workpiece 35 
and hence that of distribution of the qualities of the bearing 
caps 20 can be narrowed, and thereby the functions of the 
bearing caps 20 to support the crankshaft 3 can be stabilized. 

The second material forming the bearing part 22 having 
the bearing surface 23 of the bearing cap 20 consisting of the 
cap boy 21 and the bearing part 22 has a coefficient of linear 
expansion closer to that of the material forming the crankshaft 
3 than that of the first material forming the cap body 21. 
Therefore, the gap that is formed while the internal combustion 
engine E is in operation between the crankshaft 3 and the 
bearing part 22 due to the difference in thermal expansion 
between the crankshaft 3 and the bearing part 22 is small and 
hence noise and vibration that are generated by the rotating 
crankshaft 3 can be reduced. Since the qualities of the 
plurality of bearing caps 20 of the bearing mechanism 
distribute in a narrow range, the bearing mechanism has an 
improved effect on reducing vibration and noise. 

Since the semifinished workpiece 33 formed by bonding 
together the first workpiece 30 and the second workpiece 32 
by the casting process that places the first workpiece 30 in 
the mold, and pours the molten metal of the first material into 
the mold, the boundary surface parts of the first workpiece 
30 and the second workpiece 32 are metallurgically bonded 
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together. Thus, the first workpiece 30 and the second 
workpiece 32 are firmly bonded together, the range of variation 
of the quality of the semifinished workpiece 33 attributable 
to the insertion of the first workpiece 30 in the second 
workpiece 32 can be narrowed, and thereby the functions of the 
bearing caps 20 to support the crankshaft 3 can be stabilized. 
The formation of the cylindrical workpiece 31 for forming the 
first workpiece 30 by extrusion contributes to the cost 
reduction of the bearing cap 20. 

The molten metal poured into the cavity 56 through the 
gates 61 to 64 corresponding to the four corners CI to C4 of 
the semifinished workpiece 33 having the substantially square 
shape as viewed along the center axis L2 flows uniformly in 
around the first workpiece 30 in the cavity 56. Consequently, 
the semifinished workpiece 33 and the secondary workpieces 35 
can be formed in an improved quality, which is effective in 
stabilizing the function of the bearing cap 20 to support the 
crankshaft 3. 

Since the molten metal flows through the gates 61 to 64 
into the cavity 56 flows in the cavity 56 in the swirling current 
F around the first workpiece 30, the outside surface of the 
first workpiece 30 and the inside surface of the second 
workpiece 32 can be uniformly metallurgically bonded- Thus, 
the first workpiece 30 and the second workpiece 32 are bonded 
by high bond strength, which is effective in stabilizing the 
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function of the bearing member to support the crankshaft 3. 
The arrangement of the four gates 61 to 64 substantially in 
point symmetry with respect to the center axis L2 passing the 
center of the cavity 56 is effective in generating the swirling 
current F. 

A bearing member manufacturing method in a second 
embodiment of the present invention will be described with 
reference to Figs. 7 to 9B and, when necessary. Figs. 1 to 6 
used for describing the first embodiment. The second 
embodiment is basically the same as the first embodiment and 
differs from the first embodiment only in that the second 
embodiment forms a primary workpiece including a predetermined 
number of semifinished workpieces , Description of matters the 
same as those of the first embodiment will be simplified or 
omitted and only matters different from those of the first 
embodiment will be described. Parts formed by the second 
embodiment that are the same as or correspond to those formed 
by the first embodiment are denoted by the same reference 
characters . 

The bearing member manufacturing method manufactures the 
bearing cap 20 shown in Fig. 2. Referring to Fig. 7, a first 
workpiece 30' is produced by the same process as that employed 
in the first embodiment. Then, a primary workpiece 34' shown 
in Fig. 9A for forming a plurality of semifinished workpieces 
33 is formed by inserting the first workpiece 30' in a second 
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workpiece 32' by casting. Then, the primary workpiece 34' is 
cut along planes perpendicular to the center axis A3 of the 
second workpiece 30' of the primary workpiece 34' as shown in 
Fig. 9B into three semifinished workpieces 33. Then, each of 
the semifinished workpieces 33 are cut into halves as shown 
in Fig. 6B to obtain two secondary workpieces 35. Each 
secondary workpiece 35 is finished to form one bearing cap 20. 

A first workpiece forming process for forming the first 
workpiece 30' will be explained. The cylindrical workpiece 
31 formed by extrusion using the extruder 40 shown in Fig. 3A 
is cut with a cutter into the first workpieces 30' having a 
length equal to the sum of the lengths tl of the predetermined 
number of bearing parts 22, i.e., three bearing parts 22 in 
this embodiment, and cutting allowances. Each of the first 
workpieces 30' has an inside surface 30' a of a diameter equal 
to that of an imaginary cylinder defining the bearing surface 
23, namely, the inside surface 22a, of the bearing part 22, 
an outside surface 30' b of a diameter equal to that of an 
imaginary cylinder defining the outside surface 22b of the 
bearing part 22, and a thickness equal to the thickness t2 of 
the bearing part 22. 

A casting procedure for casting the primary workpiece 
34' will be described with reference to Figs. 8, 9A and 9B. 
Referring to Fig. 8, the secondary workpiece 32' is formed by 
low-pressure die casting using a sand mold 50 similar to that 
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employed in the first embodiment. The sand mold 50 having the 
shape of a rectangular solid has a drag 52 and a cope 53 
separated by a parting surface 51. 

The first workpiece 30' having an inner circumference 
30' a is fitted on a projection 55 formed in the drag 52. The 
cope 53 is provided with a cavity 56' for forming the second 
workpiece 32 (Fig. 6A) . The first workpiece 30' is received 
in the cavity 56' . 

The cavity 56' is similar to the cavity 56 shown in Fig. 
4, except that the cavity 56' has a depth greater than that 
of the cavity 56. The cavity 56' has a substantially square 
shape as viewed in an axial direction A3 parallel to the center 
axis L2 . The cope 51 is provided with four gates 61 to 64 
arranged so as to correspond to the four corners CI to C4 , 
respectively, of the square second workpiece 32 or the 
semifinished workpiece 33 to make the main current of the molten 
metal flows in a swirling current F as shown in Fig. 5A that 
flows in the cavity 56 in a fixed direction around the first 
workpiece 30' . 

Referring to Fig. 8, the first workpiece 30' is fitted 
on the projection 55 to position the first workpiece 30' on 
the drag 52 to insert the first workpiece 30' in the second 
workpiece 32 by casting. Then, a sand core 57' that fills up 
a space defined by the first workpiece 30' is put on the 
projection 55, the cope 53 is mounted on the drag 52 so that 
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% the first workpiece 30' is contained in the cavity 56', and 

then the drag 52 and the cope 53 are fastened together to close 
the sand mold 50. 

Then, the high-temperature molten metal is poured 
through the sprue 54 into the sand mold 50 by pressure. Then, 
the molten metal flows through the runners 54bl to 54b4 and 
the gates 61 to 64 into the cavity 56. The molten metal flows 
in the swirling current F around the first workpiece 30' in 
the cavity 56 and flows through the inlets 65a, 65b, 66a and 
66b into the risers 65 and 66, 

During this casting process, the first workpiece 30' is 
heated by the molten metal and the outside surface 30 'b of the 
first workpiece 30' on the boundary between the molten metal 
and the first workpiece 30', i.e., the boundary between the 
outside surface 30' b of the first workpiece 30' and the inside 
surface 32' e (Fig. 9A) of the second workpiece 32' , is partly 
melted. Consequently, the first and the second material melt 
into each other. When the first and the second material thus 
melted into each other are solidified, the outside surface 30'b 
of the first workpiece 30' and the inside surface 32' e of the 
second workpiece 32' at the boundary are bonded together 
metallurgically . Then, the sand mold 50 is broken to take out 
a casting. Thus, the casting process is completed. 

A trimming process removes unnecessary parts of the first 
material solidified in the sprue 54, the gates 61 to 64 and 
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the risers 65 and 66 from the casting, to provide the primary 
workpiece 34' integrally including three semifinished work- 
pieces 33 each consisting of the one first workpiece 30 and 
the one second workpiece 32 as shown in Fig . 9A . Thus , a casting 
procedure including the casting process is completed. 

The primary workpiece 34' is a continuous arrangement 
of the semifinished workpieces 33 each consisting of the first 
workpiece 30 and the second workpiece 32, and arranged 
successively in the axial direction A3 parallel to the center 
axis L2 . The axial direction A3 is one of directions parallel 
to the center plane P2 . 

A dividing process for dividing the primary workpiece 
34' into secondary workpieces 35 (Fig. 6B) for forming bearing 
caps 20 will be described with reference to Figs. 9A and 9B. 
The dividing process included in the second embodiment is 
either of the following first and second dividing processes. 

The first dividing process includes a slicing step that 
slices the primary workpiece 34' along planes P3 perpendicular 
to the center axis L2 into three semifinished workpieces 33 
as shown in Fig. 9B, and a cutting step that cuts each 
semifinished workpiece 33 with a cutter along the center plane 
P2 including the center axis L2 to halve each semifinished 
workpiece 33 into two secondary workpiece 35 each having a 
secondary cap workpiece 36 and a secondary bearing part 
workpiece 37 as shown in Fig. 6B. 



29 



♦ The second dividing process includes a cutting step that 

cuts the primary workpiece 34' along the center plane P2 with 
a cutter into two half primary workpieces each including three 
secondary workpieces 35 arranged along the center axis L2 , and 
a slicing step that slices the half primary workpiece along 
planes P3 perpendicular to the center axis L2 into three 
secondary workpieces 35, 

The second embodiment , similarly to the first embodiment, 
subjects the secondary workpiece 35 to a finishing process to 
obtain a bearing cap 20 shown in Fig. 2 . The finishing process 
includes machining processes. 

The second embodiment has the following effect in 
addition to the effect of the first embodiment. The six 
secondary workpieces 35 , the number of the secondary workpieces 
35 being twice the predetermined number, are formed by dividing 
the primary workpiece 34' , which is a continuous arrangement 
of the semifinished workpieces 33 each consisting of the first 
workpiece 30 and the second workpiece 32, and arranged 
successively in the axial direction A3 parallel to the center 
axis L2 , by the combination of the slicing step that slices 
the primary workpiece 34' along planes P3 perpendicular to the 
center axis L2 and the cutting step that cuts each semifinished 
workpiece 33 along the center plane P2 including the center 
axis L2 . Therefore, the second embodiment needs fewer sand 
molds 50 than the first embodiment for manufacturing the same 
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• number of bearing caps, and is capable of further improving 

yield. Thus, the second embodiment is more effective in 
reducing the cost of the bearing cap 20 than the first 
embodiment. Since twice the predetermined number of secondary 
workpieces 35 can be obtained by cutting the single primary 
workpiece 34' integrally including the predetermined number 
of semifinished workpieces 33, the quality range in which the 
qualities of the secondary workpieces are distributed can be 
further narrowed, and thereby effects on the stabilization of 
the function to support the crankshaft 3 can be further 
promoted . 

A bearing member manufacturing method in a third 
embodiment according to the present invention will be described 
with reference to Figs. lOA and lOB. The third embodiment, 
similarly to the second embodiment, differs from the first 
embodiment in casting one primary workpiece including a 
plurality of semifinished workpieces in one mold. The third 
embodiment is the same in other respects as the first embodiment. 
Therefore , description of matters the same as those of the first 
embodiment will be simplified or omitted and only matters 
different from those of the first embodiment will be described. 
Parts formed by the third embodiment that are the same as or 
correspond to those formed by the first embodiment are denoted 
by the same reference characters. 

Referring to Fig. lOA, a primary workpiece 38 includes 
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• a plurality of semifinished workpieces 33 ( three semifinished 

workpieces 33) successively arranged in a direction A4 
perpendicular to the center axes L2 of the semifinished 
workpieces 33 . The primary workpiece 38 is cast in a sand mold, 
not shown, by low-pressure die casting. The direction A4 is 
one of directions parallel to the center plane P2 dividing each 
of the semifinished workpiece 33 into two secondary workpieces 
35. 

The sand mold has a drag provided with three pro j ections , 
which corresponding to the pro j ection 55 , for positioning three 
first workpieces 30, and a cope provided with three cavities, 
which correspond to the cavity 56, for receiving the first 
workpieces 30. As indicated by imaginary lines in Fig. lOA, 
gates 71 to 74 are formed so as to correspond to the four corners 
CI to C4 of each semifinished workpiece 33 which is 
substantially square as viewed in a direction A3 parallel to 
the center axis L2 of the semifinished workpiece 33 . The gates 
71 to 74 are arranged symmetrically with respect to the center 
plane P2 so as to open in side surfaces of the cavity for forming 
the lower surfaces 27 (Fig. 1) of bearing caps 20. 

A dividing process for dividing the primary workpiece 
38 into secondary workpieces 35 included in the third 
embodiment is either of the following first and second dividing 
processes . 

The first dividing process includes a halving step and 
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a dividing step. The halving step halves the primary workpiece 

38 including the three semifinished workpieces 33 along the 
center plane P2 , which includes the center planes P2 of the 
semifinished workpieces 33, with a cutter into two half primary 
workpieces 39 as shown in Fig. lOB. Each of the half primary 
workpieces 39 includes the three secondary workpieces 35 
successively arranged in the direction A4 parallel to the 
center plane P2 . The dividing step divides each half primary 
workpiece 39 into the three secondary workpieces 35 along 
planes P4 perpendicular to the direction A4 . 

The second dividing process includes a cutting step and 
a dividing step. The cutting step cuts the primary workpiece 

39 along the planes P4 (Fig. lOA) perpendicular to the direction 
A4 into the three semifinished workpieces 33 similar to the 
semifinished workpiece 33 shown in Fig. 6A. The dividing step 
cuts the semifinished workpiece 33 along the center plane P2 
into two secondary workpieces 35. 

The third embodiment includes, in combination, the 
halving step that halves the primary workpiece 38 including 
the three semifinished workpieces 33 arranged in the direction 
A4 parallel to the center plane P2 along the center plane P2 
and the dividing step that divides the primary workpiece 3 8 
along the planes P4 perpendicular to the direction A4 . Thus, 
twice the predetermined number of secondary workpieces 35 can 
be obtained by cutting the single primary workpiece 38. The 
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effect of the third embodiment is similar to that of the second 
embodiment . 

Modifications of the foregoing embodiments will be 
described . 

The second material , i.e., the light-metal-base material 
forming the bearing part 22, may be an aluminum-base material 
containing an aluminum alloy as the matrix, and a dispersed 
material, such as particles or fibers of an oxide ceramic 
material, such as silica or alumina, or a carbide ceramic 
material, dispersed in the matrix. The second material may 
be a light metal other than aluminum, such as a magnesium- 
base alloy, or a composite light-metal-base material 
containing the light metal as the matrix. 

The outside surface 22b of the bearing part 22 may be 
a surface of any suitable shape other than the cylindrical 
surface. The bearing member mentioned in the description of 
the preferred embodiments is the bearing cap. When the present 
invention is applied to an engine body having a cylinder block 
and a lower block joined to the lower end of the cylinder block, 
and supporting a crankshaft for rotation between the cylinder 
block and the lower block, the bearing member is the lower 
block . 

The internal combustion engine may be a multi- 
ple-cylinder internal combustion engine other than a V-type 
internal combustion engine or a single-cylinder internal 
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« combustion engine. Although the internal combustion engine 

mentioned in the description of the preferred embodiments is 
assumed to be an automotive internal combustion engine, the 
internal combustion engine may be a marine engine, such as an 
outboard engine having a vertical crankshaft. 

The rotational shaft may be any rotational shaft other 
than the crankshaft of an internal combustion engine or may 
be a crankshaft or rotational shaft of an apparatus other than 
the internal combustion engine. 



